Fluid flow through modern cannulae is not simple and cannot be expressed in classical terms. Progressively increasing the length of a cannula diminishes flow predictably b1d altering the bore of the cannula does not give a fourth power improvement in flow but rather a linear one. A reasonable working value for the relative viscosity of ACD blood in infusions would seem to be 2·6 below about 125 mlfminute flow (saline). The decline in relative viscosity above this may be caused by turbulence in the saline flow.
INTRODUCTION
Although the theory of flow in ideal situations was developed in the last century, few people have looked at the problem of flow during blood transfusion.
In a study of the equipment available in 1951, Melrose and Shackman noted a difference between the expected flows and those obtained clinically. Some of the difference they attributed to turbulent flow but they emphasized that the equipment used in clinical practice is far from the ideal flow system. Thus the Hagen (1839)-Poiseuille (1840) law and Reynolds' critical flow equation (1883) are of limited use clinically. This is perhaps why Knight (1968) simply examined the performance of nine cannulae and catheters in delivering 500 ml of blood, Hartmann's and dextran 40 and suggested a method of resuscitating a hypovolaemic patient. He did not compare the flow performance observed with that which might have been expected in theory. Farman and Powell (1969) examined 22 cannulae and catheters and recorded the flow with blood and water. Although they mention the Hagen-Poiseuille equation they do not attempt to relate it to their observations. Similarly, Bell and Farman (1972) this topic, probably the most detailed treatment which is aimed at anaesthetists is by :'IacIntosh, Mushin and Epstein (1963) . They discuss the relevance of the flow equations and the additional important factor of the kinetic energy imparted to the fluid by the head of pressure. When the kinetic energy is allowed for, it should be possible to test the equations and derive estimates for the parameters of apparatus used clinically. In this study, the data derived from the seven types of cannulae have been used to assess flow performance.
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METHOD
Two test fluids were used. One was 22 to 28 days old ACD blood with a haematocrit of 35%. The other was normal saline. Both fluids were tested at 22°C. Each fluid was passed through a standard blood giving set (Avon medical) to the cannula under test. The flow of each test was timed for one minute by stopwatch and the volume measured in a graduated glass cylinder. The mean of three readings was taken. All flows were run at a constant 100 cm head of pressure by repeatedly adjusting the fluid level so that it remained a steady 100 cm above the tip of the cannula.
RESULTS
The cannulae and catheters which were tested are shown in Table 1 together with their dimensions.
(a) Length
The flow through the seven devices all of internal diameter 1·0 mm was compared both for blood and saline. The flow with blood is shown in Figure 1 l is length of tube x is constant q is bulk flow thus qoc1/l and a plot of l/l should be a straight line passing through the origin. Figure 1 shows the least squares regression line for seven catheters of 1·0 mm diameter. The comparatively fast flows mean that a large Anaesthesia and Intensive Care, Vol. V, No. 2, May, 1977 proportion of the pressure head is utilized in creating kinetic energy. The head of pressure which contributes to the kinetic energy with plug flow can be calculated as Hx=2·35x10-3 [~r Hx=head of pressure in cm H 2 0 q=flow ml/min. d=diameter in mm. For laminar flow, more kinetic energy is imparted to the fluid and the effective head of pressure is doubled;
Hx=4·7 x10-3 u~r (MacIntosh et al. 1963) .
It is possible therefore to calculate the head of pressure which is dissipated by the esistance to flow as H-Hx where for these experiments H=100 cm H 2 0 .
If it is assumed that the flow is linearly related to the pressure then the head of pressure can be standardized back to 100 cm so that the flow which requires this pressure to simply overcome the resistance for the given conditions can be 100 calculated as qc=q X 100-Hx qc=the corrected flow in mljmin.
Applying this correction to the blood flow/ length relationship does not alter the correlation (both r= +0· 97) however the correction does move the linear relationship nearer to the origin. The correction to the saline flow/length relationship does give an improved fit ( Figure 2 ).
(b) Diameter
Here the practical problem seems surprisingly wide of the theory. Even allowing for kinetic energy, in the clinical situation, the increased flow with increasing internal diameter is far less than that expected if flow is proportional to the fourth power of the diameter. The flow through ten cannulae of about the same length (57-51 mm) shows an excellent linear relationship both for blood and saline (Figure 3 +0, 990 , 0·993 respectively). This is obviously a pragmatic relationship as extrapolation would suggest no flow through a cannula of 0·4 mm internal diameter. However it appears that over the common clinical range of diameters, intravenous devices deliver a flow which is linearly related to their final tip diameter such that for 50 mm length devices an increase in blood flow of about 12 ml/min can be expected for every 0·1 mm increase in internal diameter. Thus if a 1·0 mm diameter cannula about 50 mm long is used instead of a 0·7 mm one, the blood flow is better by about 35 ml/minute ; if a 1·3 mm cannula is used a further 35 ml/ minute improvement in flow is seen. If the fourth power relationship was effective and all resistance were in the cannulae a change from 0'7 to 1·3 mm diameter should flow improvement from 23 ml/minute to about 165 ml/minute, i.e. an improvement of about 140 ml/minute. Much of the extra energy which becomes available when the resistance is reduced appears to be taken up by an increase in kinetic energy. The difference between the flows observed and the expected flows with changes in the diameter are greater than can be simply attributed to the resistance of the giving set.
(c) Relative flow/viscosity
From the observed flows for blood and saline and assuming laminar flow it is possible to derive the energy for the resistance alone expressed as an estimated head of pressure (H-HK) for each cannula with blood and with saline by means of the Hagen-Poiseuille equation. Pirofsky (1953) for estimating blood viscosity in man. He suggested a figure of 2 ·16 centipoise for venous blood (Haematocrit 35%). This was venous blood from an arm vein and so probably about 30°C. A slightly lower value of about 2·0 centipoise for fresh ACD blood would be expected due to dilution (diluted 13%). This corresponds quite well with the relative viscosity of 2·6 found here for lower flows when about a 25% increase in viscosity is expected because of the lower temperature used in this study (Langstroth 1919) . The decline at higher flows probably relates to the development of turbulence in the saline. As the critical velocity is affected by the viscosity such that increased viscosity will give a higher critical velocity (Reynolds 1883), blood should show less turbulence than saline. Thus the development of turbulent flow increases the apparent viscosity of the saline and this decreases the relative viscosity. Probably this is the reason that the relative viscosity can be seen generally to decline as the flow increases above 125 ml/min saline flow (Figure 4 ). It seems that at higher flows commonly found in clinical practice with the intravenous devices available some degree of turbulent flow is likely.
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